Introduction
The anaesthetic gases and vapours that leak out and into the surrounding room during medical procedures are considered as waste anaesthetic gases. It is estimated that >200 000 health care professionals are at risk of occupational illness (1) . A survey of the scientific literature reveals that occupational exposure to anaesthetic gases may result in health hazards (2) . Hence, the undesirable health effects caused by anaesthetic gases in humans are of special concern. Among these are their genotoxic effects, including cancer and several other genetic diseases. Genetic biomonitoring of populations exposed to potential carcinogens is an early warning system for genetic diseases or cancer. It also allows identification of risk factors at a time when control measures could still be implemented (3) . Human biomonitoring can be performed using different genetic markers (4) . Biomarkers such as chromosomal aberrations (CA), micronucleus test, comet assay and sister chromatid exchanges (SCE) are among the most extensively used markers of genotoxic effects in molecular epidemiological studies.
During the past three decades, anaesthetic agents have been tested for genotoxicity in a variety of short-term tests using different endpoints (5) (6) (7) (8) . The potential genotoxicity of anaesthetic gases have also been investigated in patients before and after anaesthesia and have yielded conflicting results (9) (10) (11) (12) (13) . A number of human epidemiologic studies that have been performed to assess the potential harm that exposure to anaesthetic gases might cause to the human genome have revealed both positive (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) as well as negative findings (29) . The contradictory results obtained in the biomonitoring of subjects exposed to anaesthetics could reflect the heterogeneity in exposure (e.g. anaesthetists, surgeons, nurses and technicians). The conflicting data may also be due to differences in the anaesthetic agents used, in the protective measures employed or in the genotoxic biomarker evaluated. However, data from one study in one particular occupational setting cannot be used to judge the genetic risk in another occupational setting. This justifies this study (and other studies as well), despite the availability in the literature of investigations of this kind (but on different populations, with different exposures).
A perusal of literature has revealed that investigations on the genotoxic effects associated with occupational exposure to anaesthetic agents in India are limited to a single study (30) . Therefore, the aim of our study was to evaluate the genetic damage in operating room personnel exposed to anaesthetic gases using alkaline single cell gel electrophoresis (SCGE) assay, also known as the comet assay. The SCGE assay has been found to be a very sensitive method for measuring DNA damage (31) . It is a quick, reliable and fairly inexpensive way of measuring DNA damage. It has a further advantage that the observations are made at single cell level. Moreover, it is an invaluable tool for investigating DNA damage in human populations (32) . To substantiate our results and to provide cytogenetic parameters, micronucleus test and CA test were also carried out. Micronucleus test allows the detection of both clastogenic and aneugenic agents and has been adopted for exfoliated cells (33) . The use of micronucleus test in exfoliated cells has substantially increased as it is considered a useful biomarker of genotoxic effects in populations exposed to genotoxicants (34) . The CA analysis is a traditional method used to assess exposure to genotoxins that is internationally recognized. The influence of confounding factors like age, smoking, gender, alcohol consumption and duration of exposure on the differences in genotoxicity was also analysed.
Materials and methods

Study population
The study involved 90 subjects divided into two groups. The first group consisted of 45 operating room personnel exposed to anaesthetic gases employed in hospital located at Hyderabad, India. Among them were the anaesthetists (n 5 7), surgeons (n 5 12), nurses (n 5 15) and technicians (n 5 11). The anaesthetists and surgeons spent $6 h/day in the operation theatre, whereas the nurses and technicians spend $8 h/day. They all work for 6 days/week. The average duration of their employment in the operation theatre was 10.47 years (range 1-23 years). During their service as operating room personnel all subjects were exposed to a complex mixture of anaesthetic agents (halothane, isoflurane, sevoflurane, sodium pentothal, nitrous oxide, desflurane and enflurane). The control group (45 subjects) was selected from the general population with no history of occupational exposure to anaesthetic agents or any particular environmental agent. The selection criteria of study persons were based on a questionnaire. All subjects were asked to complete a face-to-face questionnaire, which included standard demographic data (age, gender, etc.) as well as medical (exposure to X-rays, vaccinations, medication, etc.), lifestyle (smoking, coffee, alcohol, diet, etc.) and occupational questions (working hours/day, years of exposure, use of protective measures, etc.). Only those subjects who had worked for at least 1 year in the operation theatre were considered eligible. It was assured that the operating room personnel and the controls did not statistically differ from each other except for occupational exposure. It was also ensured that the exposed subjects and the controls had not been taking any medicines, nor had they been exposed to any kind of radiation for 12 months before giving the samples. The subjects who smoked more than five cigarettes and who took at least five glasses/day of an alcoholic drink, for 1 year were considered as smokers and alcohol drinkers, both in study and control groups. Table I shows the main characteristics of both groups. The local ethical committee approved the study. Informed consent was obtained from each individual before the beginning of the study.
Description of the workplace
Air was conditioned by a laminar flow system producing an air exchange rate of 2000 cubic ft air turnovers an hour without recirculation. The exhaust outlets of the anaesthetic machines of the operating room were connected to the hospital's central scavenging system with suction flow of 45 l/min.
Collection of blood samples
Venous blood (1 ml) was collected once from all the study and control group subjects using heparinized syringes. Blood samples were coded to avoid possible bias. The samples were transported on ice to the laboratory and were processed within 2 h. DNA damage analysis using the comet assay From the collected blood samples 40 ml of blood was taken for the comet assay, which was carried out according to Singh et al. (31) with slight modifications. Cell viability determined by the trypan blue exclusion technique (35) ranged from 92 to 96% (data not shown). Slides were prepared in duplicate per subject. The method followed has been described earlier (36) . Analysis was performed using a 3400 objective with a Leica optiphase microscope equipped with an excitation filter of 515-560 nm and a barrier filter of 590 nm. Slides were randomized and coded to blind the scorer. All slides were scored by one person, to avoid interscorer variability. A total of 50 individual cells were screened per subject (25 cells from each slide). Undamaged cells resemble an intact nucleus without a tail and damaged cell has the appearance of a comet. The length of the DNA migrated in the comet tail, which is an estimate of DNA damage was measured using an ocular micrometer. Quantification of the DNA damage for each cell was calculated as comet tail length (mm) 5 (maximum total length) À (head diameter).
Micronucleus assay (buccal epithelial cells)
The micronucleus test was carried out on the buccal epithelial cells of 45 operating room personnels and 45 controls as per the method of Pastor et al. (37) Buccal cell samples were obtained by rubbing the inside of the cheeks of study subjects with a toothbrush. The cells were collected in sample bottles containing 20 ml of buffer solution (0.1 M EDTA, 0.01 Tris-HCl and 0.02 M NaCl, pH 7) and transported to our institute for processing. After three washes in the buffer solution by centrifugation at 400 g for 10 min, 50 ml of cell suspension was dropped onto preheated (55 C) slides and allowed to air dry for 15 min on a slide warmer. The slides were fixed in 80% cold methanol for 30 min, air-dried overnight at room temperature and stored at À20 C until use. The slides were stained with a DNA-specific dye, 4 0 ,6-diamidino-2-phenylindole dihydrochloride (1 mg/ml). A total of 2000 cells/subject were scored blind, on coded slides, by one observer using a Leica optiphase fluorescent microscope. The total number of micronuclei (MN) in buccal cells was determined for each study subject.
CA assay (peripheral blood lymphocytes)
The CA analysis was conducted following a standard protocol with slight modifications (38) . Aliquot of 0.8 ml venous blood was taken from each subject using heparinized syringes. Whole blood was cultured in F-10 medium supplemented with 20% fetal bovine serum (FBS), 0.5 ml phytohaemaglutinin, 5000 IU/ml penicillin and 1000 IU/ml streptomycin. Each culture was incubated in 5% CO 2 and 95% air incubator at 37 C for 48 h. Metaphases were obtained by adding 0.2 mg/ml colchicine to the cultures 3 h before harvesting. The cells were collected by centrifugation, resuspended in a prewarmed hypotonic solution (0.075 M KCI) for 15 min at 37 C and fixed in acetic acid:methanol (1:3 v/v). Chromosome preparations were stained with 3.3% Giemsa. The slides were analysed at 31000 magnification using a light microscope and 200 metaphases cells were screened per each individual. Cells with 46 chromosomes were scored for CA. The analysis of CA included chromatid and chromosome breaks, chromatid deletions, chromatid rings, dicentrics, quadriradial figures and acentric fragments.
Statistical analysis
The samples were coded at the time of preparation and scoring. They were decoded before statistical analysis for comparison. Mean and standard deviation was calculated for each biomarker. As the distribution of DNA mean tail length, MN and CA did not significantly differ from the normal distribution, untransformed data were used. The significance of the differences between control and operating room personnel endpoint means were analysed using student's t-test (mean DNA tail length, MN and CA frequency). All calculations were performed using Graph Pad Prism 4 Software package for windows. Mean values and standard deviations (SD) were computed for the scores and the statistical significance (P < 0.05) of effects (exposure, smoking, alcohol consumption, gender and age) was determined using Student's t-test. Multiple linear regression analysis was performed to assess the association between endpoints and the independent variables. 
Results
The effect of occupational exposure to waste anaesthetic gases on the levels of genetic damage in operating room personnel and control subjects were assessed by the comet assay, micronucleus test and CA analysis. Table I represents the distribution of subjects with respect to sex, age, smoking, alcohol consumption and years of exposure. The distribution of operating room personnel was presented with regard to job titles also. The two groups studied had similar demographic characteristics. The mean age of the exposed group was 38.76 6 8.66, ranging from 20-57 years, and that of controls was 35.93 6 11.43, ranged from 19-63 years.
Comet assay
The extent of DNA damage evaluated by the Comet assay in leucocytes of exposed and control subjects, as measured by mean comet tail length is presented in Table II . The comet tail length significantly increased in lymphocytes of exposed subjects (mean value 16.08 versus 7.04 mm; P < 0.05). Among the operation theatre personnel, a maximum damage of 17.64 mm was observed in anaesthetists and a minimum of 14.7 mm in surgeons. In operating room personnel, a significant difference was observed between smokers and non-smokers in relation to DNA migration (Table III) . However, no significant difference was seen due to employment, alcohol consumption and age or between genders among the exposed group. A significant increase in DNA damage was observed in the control subjects with age. Multiple linear regression analysis for mean DNA tail length showed no association with age, whereas years of exposure showed a positive association (Table IV) .
Micronucleus frequency in buccal cells
The operating room personnel revealed a significant induction of MN when compared with controls (1.03 versus 0.40; P < 0.05) as seen from Table II. The exposed subjects showed a significant difference in MN frequency between smokers and non-smokers, alcohol drinkers and never drinkers, between genders and between subjects <35 and >35 years of age (Table V) . Further, the MN frequency was significantly higher in subjects with a longer duration of work (P < 0.05). The anaesthetists showed the highest frequency of MN followed by technicians, nurses and surgeons. However, no significant effect of the confounding factors was found in control subjects. MN frequency showed no association with age, whereas years of exposure showed a positive association by multiple linear regression analysis (Table IV) .
Chromosomal aberration assay
The mean CA frequency in the exposed workers and the control subjects are summarized in Table II . In the operating room personnel a significant increase in CA indicating chromosomal damage was observed when compared with controls (8.42 versus 3.03; P < 0.05). The CA frequency was found to be maximum for technicians followed by anaesthetists, nurses and surgeons. In the exposed subjects, no significant difference was observed with respect to smoking, alcohol consumption, age, gender and years of exposure. All types of CA showed a statistically significant increase in the exposed group with respect to controls (P < 0.05). (Table VI) .
Discussion
Exposure measurements taken in operating rooms during the clinical administration of inhaled anaesthetics indicate that waste gases can escape into the room air from various components of the anaesthesia delivery system. In addition, selected anaesthesia techniques and improper practices also can contribute to the escape of waste anaesthetic gases into the operating room atmosphere. Over the years there have been significant improvements in the control of anaesthetic gas Genotoxic evaluation of operating room personnel pollution in health care facilities. However, occupational exposure to waste gases still occurs (1) . The aim of this study was to evaluate the genotoxic damage in workers employed as operating room personnel (anaesthetists, doctors, anaesthesia nurses and anaesthesia unit technicians) in a hospital in India. The investigation was conducted by utilizing the comet assay, CA test and the micronucleus test. The comet assay is increasingly being used to monitor the genotoxicity in occupationally exposed humans (3) . In the present study, a significant increase in comet tail length was observed in the operating room personnel when compared with the controls using the comet assay. These results indicate that the level of exposure in the work place is sufficiently high and also highlights the sensitivity of the assay used. Studies on operating room personnel using the comet assay are limited and contradictory. Induction of DNA damage by exposure to waste gases in 66 operating room personnel utilizing the comet assay was reported (18) . A significant increase in the number of lymphocytes with DNA migration was observed in the exposed personnel. Our results are consistent with the above study. Another study estimated the genotoxic effect of prolonged exposure to halogenated anaesthetics in 29 operating room personnel using comet assay and compared with those from a control non-exposed group. No significant differences were detected between the groups (29) . The micronucleus test in buccal epithelial cells has an increasing acceptance as a reliable biomarker of genotoxicity in occupationally exposed groups (34) . The present investigation suggests that the operating room personnel under their particular conditions of exposure reveal clear evidence of genotoxic activity in buccal The relative influence of independent variables (age and years of exposure) on the frequencies of mean DNA tail length, MN and CA frequencies was tested using multiple linear regression analysis. The significance for each model level was 0.05. R 2 (%) 5 multiple determination coefficient. Frequency ratio is expressed with exponentiated regression coefficients and their 95% CIs. *P < 0.05. (20, (25) (26) (27) (28) . However, in an investigation, operating room personnel were evaluated for genetic damage as MN in PBL. The proportion of MN was higher but was not significant (22) . The CA assay was also used to investigate the genotoxicity associated with occupational exposure to anaesthetic agents. Results of this study indicated that occupational exposure to a mixture of anaesthetics induced a significant increase in the level of chromosomal damage. In vivo studies that have investigated the genotoxic potential of personnel exposed to anaesthetics using CA assay are available.
CA analysis was performed in 24 operation theatre personnel from the UK. A significant increase in the percentage of CA was observed (15) . Significantly increased frequencies of aberrant cells were revealed in the PBL in operating room personnel as compared with the controls (16) . The frequency of CA was assayed in PBL obtained from subjects working in operating theatres. The results showed an increased rate of CA in the exposed subjects (24) . A group of anaesthesiology personnel examined for CA revealed a significant increase in chromosome damage (26) . The CA test performed on operating room personnel indicated that exposure to anaesthetic gases induced significant changes in human chromosomes (28). The above-mentioned studies support our findings. In the current study smoking had a significant effect on DNA damage. The influence of smoking on the comet assay results of this study is in agreement with previous investigations. DNA damage in personnel exposed to waste anaesthetic gases using comet assay was demonstrated in a study. The extent of damage in exposed smokers was significantly higher than exposed non-smokers (18) . DNA single-strand breaks in PBL of clinical personnel with occupation exposure to volatile inhalation anaesthetics was determined using nucleoid sedimentation. Smoking anaesthesia persons and smoking control persons presented increased rates of DNA single-strand breaks (19) . Age, alcohol consumption, years of exposure and gender did not have a significant effect on DNA damage in the current study. In the operating room personnel of the present study, smoking, age, alcohol consumption, gender and duration of exposure correlated significantly with MN induction. Similarly, studies of cytogenetic damage in personnel exposed to anaesthetic gases found that MN frequency increased significantly showing higher rates in women (25, 26, 39) . Likewise, cytogenetic effect of anaesthetic gases on operating room personnel revealed that the age and current working years contributed significantly to the interpersonal variation of MN frequencies (28) . Nevertheless, a study on operating room personnel using MN test showed that age, smoking status and duration of employment did not correlate with MN frequency (39) . Anaesthesiology personnel of this study failed to show a significant correlation between smoking, alcohol consumption, gender, occupational exposure, age and CA frequency. Similar results were observed in other genetic epidemiology studies with anaesthesiology personnel. Examination of CA frequency in anaesthesiology personnel revealed no effect of gender on the CA frequency (25) . Similarly, the CA among operating theatre personnel smokers and non-smokers were not statistically significant (14) . In contrast, a cytogenetic investigation of operating room personnel found a positive correlation between CA and years of employment. Smoking index correlated significantly with the frequency of CA (28) .
Results of this study indicated that occupational exposure to a mixture of anaesthetic agents induced a significant increase in the level of genotoxicity. The mechanism by which the anaesthetics induce DNA damage is still unclear. When halothane or isoflurane react directly with DNA, the most feasible alkali-labile modifications may be alkylation at the N-7 position of purines. Another explanation could be that, anaesthetic gases undergo a residual metabolic oxidation or reduction giving rise to reactive products. Radical mediated reactions may also be involved in DNA damage induction (13) . Among the operating room personnel the maximum genotoxicity was observed in anaesthetists with both comet assay and micronucleus test. However, in case of CA the technicians showed a higher frequency of chromosomal damage. The difference in levels of genotoxicity among the operating room personnel could be due to insufficient protective measures. Besides the genotoxic damage seen in the operating room personnel some other effects of exposure to waste anaesthetic gases reported were nausea, dizziness, headaches, fatigue and irritability, as well as sterility, miscarriages and cancer among operating room staff or their spouses.
The outcome of our study indicates the danger of exposure to waste anaesthetic agents in the hospital under study suggesting the need to further minimize the exposure. The waste anaesthetic gas scavenger and air conditioning equipment should be checked frequently and sufficient ventilation should be provided. Further, preventive health examination of all exposed personnel should be carried out periodically. These precautions will help bring this hospital as well as similar hospitals at par with the best hospitals in the country.
